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FOREWORD 
 
The papers included in this Part 3 of the Anthology report the occurrence of surges in low-voltage AC 
power circuits. Data on such occurrences were initially collected in the early sixties as the realization 
developed that the newly introduced solid-state devices were failing in the field, with the suspicion that 
surge voltages might be the cause.  The investigations were conducted by the General Electric R&D 
Center in support of product departments impacted by these failures or risks of failure.  The three papers 
in this Part 3 were copyrighted by the publisher who graciously gave permission for reprinting.  The two 
GE-TIS reports, initially internal proprietary reports, containing the source data for the published IEEE 
papers, were declassified by General Electric for the purpose of this anthology. 
 
The subject of surge occurrences has long been of interest to many researchers and organizations, with 
papers reporting field measurements of unintentional occurrences as well as staged tests performed 
during equipment failure investigations.  The citations of Annex A of Part 3 were collected for the working 
group that developed the IEEE SPD Trilogy but do not purport to be an exhaustive listing. Although 
acknowledged and appreciated, for obvious copyright limitations, these 51 papers from other researchers 
cannot be reprinted here.   
 

CONTENTS 
 
  
Surge suppression in a typical home wiring system (1963) 
Surge voltages in residential power circuits (1967) 
Surge voltages in residential and industrial power circuits (1970) 
Transient overvoltages in secondary systems (1981) 
Varistor versus environment: Winning the rematch (1986) 
Annex  – Statistics on failure rates of clock motors (1964) 
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Surge Suppression in a Typical Home Wiring System

François Martzloff
General Electric Company

Schenectady NY
f.martzloff@ieee.org

Reprint of declassified General Electric Technical Information Series Report 63GL97

Significance:
Part 3 Recorded occurrences

The present  interest in this report is historical as the experiments and devices it described represent
initial efforts in addressing the emerging problems associated with the introduction of semiconductors in
the consumer market.

This now  declassified proprietary report was prepared to document experiments performed in the early
sixties to assess the capability of devices available at that time for serving as surge-protective devices in
residential circuits.  The context was that the emerging electronic appliances were found vulnerable to
transient overvoltages and therefore in need of some form of protection.

The technology at that time offered the well-proven selenium rectifier (under the General Electric  trade
name “Thyrector” among other similar offerings in the market), the well-known low-pass RC filter, and the
emerging five-layer semiconductors.  All these were then valid candidates but of course became
completely supplanted ten years later when zinc-oxide based varistors were stumbled upon and quickly
recognized as a promising technology.

Interesting observations on the propagation of surges in a low-voltage ac power system are also
documented in this report, and these are still applicable today.
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1 A nostalgic footnote:
As noted on the cover page,1967 IEEE Conference papers were available at the meeting
at the then-current price of $0.75, and later for $1.00.  However, they became no longer
available from IEEE some time thereafter.  This reprint is one of the rare archival records.

Surge Voltages in Residential Power Circuits

G.J. Hahn
General Electric Company

Schenectady NY

François Martzloff
General Electric Company

Schenectady NY
f.martzloff@ieee.org

All rights reserved IEEE
Reprinted, with permission, from 

IEEE Conference paper 31 CP 67-430 1

Significance:
Part 3 – Recorded occurrences

One of the first papers reporting surge recording in low-voltage ac power circuits (see footnote).
Both waveform information and frequency of occurrence marked the beginning of the IEEE effort toward
characterizing surge voltages in low-voltage ac power circuits, a departure from the traditional unidirectional
and separate 1.2/50 and 8/20 waveforms in use for high-voltage equipment testing.

In the mid-sixties, when these recordings took place, there were very few, if any, surge-protective devices
(SPDs) installed in residential power circuits.  After the emergence of ubiquitous consumer-type SPDs, the
results of subsequent monitoring campaigns were drastically changed (See “Galore” in Part 2) but the
information is still valid for the frequency of occurrences to the extent that the origins of surges have not
changed, only the observed levels are now considerably reduced by the proliferation of SPDs.
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Surge Voltages in Residential and Industrial Power Circuits

François Martzloff
General Electric Company

Schenectady NY
f.martzloff@ieee.org

G.J. Hahn
General Electric Company

Schenectady NY

Copyright 1970 by  IEEE

Reprinted, with permission, from

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-89, No.6, July/August 1970

Significance:

Part 3 Recorded occurrences

At the invitation of the Surge Protective Devices Committee, the 1967 Conference Paper was resubmitted

for consideration as a Transactions paper, with additional information presented on industrial case histories

acquired since publication of the conference paper.

Both waveform information and frequency of occurrence marked the beginning of the IEEE effort toward

characterizing surge voltages in low-voltage ac power circuits, a departure from the traditional unidirectional

and separate 1.2/50 and 8/20 waveforms in use for high-voltage equipment testing.  One of the outcomes

of that effort was IEEE Std 587, which eventually evolved into IEEE Std C62.41 and its successive 1980,

1991, and 2002 versions.

Note that the title still refers only to surge voltages, not surge currents. In the mid-sixties, when these

recordings took place, there were very few, if any, surge-protective devices (SPDs) installed in residential

power circuits and the threat was indeed one of surge voltages.  After the emergence of ubiquitous

consumer-type SPDs, the results of subsequent monitoring campaigns were drastically changed (See

“Galore” in Part 2) but the information is  st ill va lid for the frequency of occurrences to the extent that the

origins of surges have not changed, only the observed levels are now considerably reduced by the

proliferation of SPDs (for which the available surge current becomes a matter of interest).

mailto:f.martzloff@ieee.org


















TRANSIENT
OVERVOLTAGES

IN
SECONDARY

SYSTEMS



Transient Overvoltages in Secondary Systems

François Martzloff
General Electric Company

Schenectady NY
f.martzloff@ieee.org

Reprint of unclassified General Electric Technical Information Series Report 81CRD121

Significance:

Part 3 Recorded occurrences

This unclassified (available to anyone) report was prepared to provide more details – until then contained

in classified internal reports or summarized in the two IEEE papers reprinted in this Part 3 – on the

measurements made in the 1963-1967 period. 

Only brief remarks are made in this report on possible suppression methods.  Papers included in Part 6

(Tutorials), Part 7 (Mitigation techniques) and Part 8 (Coordination of cascades SPDs) provide information

on protection techniques prior to and after the emergence and widespread use of metal-oxide varistors.

mailto:f.martzloff@ieee.org
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Varistor versus Environment: Winning the Rematch

François Martzloff, Life Fellow, IEEE
National Institute of Standards and Technology

Gaithersburg MD 20899 USA
f.martzloff@ieee.org

© 1986 IEEE
Reprinted, with permission, from IEEE Transactions on Power Systems, Vol.PWRD No.3, April 1986

Significance:

This paper is listed under four categories of the Annotated Bibliography as it bears on the corresponding topics. 
The multiple listing reflects the sections in which this paper is cited as supporting material for IEEE Std C62.41.1
and C62.41.2.   Therefore, it can be found in the following four parts of the Anthology:

Part 2  Development of standard – Reality checks
Provides an example of the need to recognize capacitor switching transients when characterizing the surge
environment

Part 3  Recorded occurrences, surveys and staged tests
Provides an example of monitoring and staged tests motivated by field failure, leading to a better understanding of
the environment in which SPDs were expected to perform.

Part 4  Propagation and coupling of surges
Provides an example of how far (3000 meters) the low-frequency transients generated by capacitor switching can
propagate, unabated, in a path involving two step-down transformers.

Part 7  Mitigation techniques
Provides an example of improved mitigation design based on field experience

mailto:f.martzloff@ieee.org
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Statistics on Failure Rates of Clock Motors

Clock and Timer Department
General Electric Company

Excerpt of a 1964 declassified General Electric memorandum discussing failure of clock motors

Significance:
Part 3 Recorded occurrences

The memorandum from which this excerpt is drawn was provided to Martzloff in support of his
contribution to gathering data on the occurrence of surges in low-voltage ac power systems, for a 
just-launched IEEE project on the emerging concerns about surge occurrences.  

These statistics provide convincing evidence, based on a large number of reported failures, that a
correlation exists between the rate of failures and the surge withstand capability of the motor windings.  

A design change in this withstand level, from 2 kV to 6 kV produced a 100:1 drop in the failure rate. 
Interestingly, this 100:1 ratio, when plotted on a chart in which data from other sources were entered,
produced a slope in good agreement with these other sources.  Thus, the large number of clocks,
operating 24/7/365 and unwittingly serving as sacrificial “surge counters” boosted confidence that the
limited observations (in duration and in locations) being reported by other researchers were consistent.

Of course, the present-day significance of surge voltages is affected by the proliferation of surge-
protective devices, but these data are still useful as an indication of the occurrence of surges, only the
levels have changed but presumably the mechanisms are still in action.

mailto:f.martzloff@ieee.org
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